Bitumen fumes emitted during road paving or roofing contain polycyclic aromatic hydrocarbons (PAHs). Experimental studies have been previously performed to test the carcinogenic potency of bitumen fumes. Some of them have been criticised either on the grounds that the fume condensates were not representative of fumes to which humans are exposed or because the fumes were never characterised in terms of particle size and poorly in terms of composition and concentration in the chambers. For a nose-only inhalation study, we have evaluated the ability of a new fume generation system to deliver stable and reproducible atmospheres of bitumen fumes to an inhalation chamber and investigated the representativity of the fumes generated at a concentration level of 5 mg/m 3 . The fume generator comprises: (1) an insulated 20 1 heated kettle (200 C for bitumen); (2) an insulated inlet pipe with a needle valve to adjust the flow of the test compound from the kettle; (3) a fume generation chamber equipped with a series of interchangeable channels of different width. The fume concentration in the exposure chamber can be controlled by changing the channel width or by restricting the evaporation surface with aluminium foil, and/or by changing the flow rate. Samples of the atmosphere in the chamber were collected and analysed for quantitative determination of total particulate matter (TPM), soluble matter, benzo[a]pyrene (B|a]P) content of the fumes and other PAHs, and evaluation of the particle size distribution. The representativeness of the fumes has been tested by comparison with fumes generated in the Shell small-scale fume rig, which was previously validated against field fumes collected during paving operations. Evaporative losses from the filters during sampling, transport and storage have been also assessed.
B l t u m e n s c o n t a m Polycyclic aromatic compounds castegnaro@iarc.fr (PACs), some of which are present in the fumes 'The term 'fumes' represents the particulate and the gas emitted during hot handling of bitumen-containing phase generated during hot handling of bitumen products in, for example, road paving or roofing.
Although levels of exposure of workers to these fumes are generally low, they could be associated with long-term health effects following chronic exposure. In the past, coal tar-containing materials have also been used in this type of application. While coal tar has been classified by IARC in Group 1 (compounds carcinogenic to humans), bitumens have been classified by IARC (1985 IARC ( , 1987 in Group 3 (compounds not classifiable as to their carcinogenicity to humans) and extracts of steamrefined and air-refined bitumens in Group 2B (possibly carcinogenic to humans). Bitumens have been tested for carcinogenicity in animals (reviewed in IARC, 1985 IARC, , 1987 mainly by skin painting. Bitumen paint and solutions have also been tested for induction of DNA adducts in vivo and in vitro (Schoket et al., 1988; Phillips et al., 1990) . However, some of these studies have been criticised by Concawe (1992) as to their relevance to human exposure to undiluted bitumen fumes on the grounds that the bitumen products (a) were applied to the skin in organic solvents which facilitated absorption, or (b) were responsible for causing local tissue injury by their direct hot application. The US National Institute of Occupational Health has performed skin painting studies on two strains of mice which demonstrated the carcinogenic potency of laboratory generated bitumen fume condensates (BFC) (Niemeier et al., 1985; Sivak et al., 1989) . These studies were also criticised on the basis that the fume condensates were not representative of the fumes to which humans are exposed (in terms of the chemical composition) during roadpaving and roofing operations (Concawe, 1992) . Three inhalation studies have been carried out to test coal tar fumes (Hueper and Payne, 1960; Horton et al., 1963; Heinrich et al., 1994) and only two to test bitumen fumes (Hueper and Payne, 1960; Simmers, 1964) . However, except for the study of Heinrich et al. (1994) , the fumes were never characterised in terms of particle size and only poorly in terms of the fume composition and concentration in the chambers. Simmers (1964) used an emulsion of hot bitumen in hot distilled water, which was discharged, sequentially into the chambers. Hueper and Payne (1960) heated the test compounds in the chambers to obtain the fumes but changed the test compound only once a week, so that the fume composition probably changed during the week, with the most volatile compounds being exhausted earlier and the higher boiling ones becoming enriched. In their experiment, Horton et al. (1963) generated an aerosol by heating a spray of a tar at 800°C in a furnace; they analysed the benzo [a] pyrene (B[a]P) content of the aerosol trapped on a cotton filter. The experiment of Heinrich et al. (1994) provided the most complete information on both aspects, but the coal-tar aerosols produced were generated at a very high temperature (750°C).
To investigate the possibility of identifying a biomarker specific for exposure to bitumen fumes, three studies were undertaken on DNA adduct formation: (1) in vitro (De Meo et al., 1996) , (2) in vivo by skin painting and (3) in vivo by inhalation. In the first two studies bitumen fume condensates were used that were produced using a scaled-up version of the method of Brandt et al. (1985) but collecting not only the particulate phase but also the vapour phase and mixing the two. The third study, the subject of this report, was a nose-only inhalation study. In all three studies coal tar has been used as reference material.
The bitumen fumes were generated at a temperature of 200°C (high end of the range that has been used in asphalt paving application), and the coal tar fumes at 110°C (a typical application temperature for this material). This article describes the development and validation of the inhalation system used in the study, which was designed to identify the possible occurrence of DNA adducts in animals following exposure to bitumen fumes. In this study four groups have collaborated: Most of the data generated was complementary, data obtained with more than one laboratory was used for comparison.
The fumes generated at a target level of 5 mg/m total particulate matter (TPM) were compared with those generated by the Shell small-scale fume rig that has been validated against fumes collected in the field during paving operations (Brandt and De Groot, 1999) .
MATERIALS AND METHODS

Products
A batch of 900 kg of bitumen of 45/60 pen of viscosity of Venezuelan origin as well as a batch of coal tar of similar size was obtained via the European bitumen producers association (Eurobitume). These two batches were those used in the in vitro (De Meo et al., 1996) and in vivo studies. Fumes from the bitumen sample were generated at 200°C, and those from the coal tar, at 110°C.
Equipment and reagents
For sampling: Fume generator. The fume generator ( Fig. 2A ) comprised: (1) an insulated 20-1 bitumen kettle heated by a hotplate which allows regulation of the heating temperature (200°C for the 45/60 bitumen, 110°C for the coal-tar); (2) an insulated inlet pipe regulated to the temperature of the kettle and equipped with a needle valve to adjust the flow of the bitumen or coal-tar test compound from the kettle; (3) a fume generation chamber equipped with a series of interchangeable channels of different width which temperature is also regulated (121 to 148°C for inlet channel and 112 to 133°C for middle channel); (4) a heated outlet pipe (175 to 187°C) for exit of the bitumen into a kettle placed on a balance which allows control of the flow of the test compound.
Fresh air was filtered through an Ultrafilter Gmbh filter (model PEG.0006, Ultrafilter International, Germany) and was admitted into the fume generation chamber at a flow rate of 20 1/min to draw the fumes into the animal exposure chamber. Between the fume generation chamber and the exposure chamber, an additional watersaturated air flow of 2 1/min, obtained by passing through a heated water bubbler, was admitted into the main inlet air pipe to obtain 45 + 5% relative humidity in the exposure chamber.
The fume concentrations in the exposure chamber were controlled by changing the channel width or restricting the evaporation surface with aluminium foil, and/or by changing the bitumen flow rate (24 + 2 g/min, range 17 to 32 g/min). Inhalation chambers. Two identical inhalation chambers were constructed for this experiment (Fig.  2B ). The first one, used for the exposure to the test compounds, was placed inside a hood for health and safety reasons. The second one was placed outside the hood and served for the exposure of control animals to clean air. Both inhalation chambers were designed to allow either nose-only exposure or whole-body exposure, but were used for nose-only exposure in this study. During all the experiments, the temperature of the chambers was 25 + 2°C, and the relative humidity 45 + 5%. In order to prevent leakage of test fumes, a negative pressure of about 5 mm of water was maintained in the exposure chamber by extracting the atmosphere with a fan at constant speed.
Each chamber, made of stainless steel with a glass front door, had an internal volume of 37 1. A 22 1/min vertical air flow containing the test compound emissions was introduced at the top of the chamber and exhausted at the bottom. The exhaust was linked to a series of cleaning devices before release into the main exhaust pipe located into the fume cupboard.
As presented in Fig. 3 , the front door included five ports: Ports 1 and 2 were used for sampling the atmosphere of the chambers, while Ports 3-5 permitted connection of plethysmographs for nose-only exposure of three rats. Details on chamber conditions and controls for all the experiments are given in Part 2 of this paper.
Short description of the Shell small scale fume generation rig and sampling equipment. This is a simple laboratory rig mimicking what happens in the field, that is an open system where the fumes arising from the hot bitumen surface rapidly cool and come into a pseudo-equilibrium with the surrounding air. Details and the validation of the fume generation and analysis set up can be found elsewhere (Brandt et al. 1985; Brandt and De Groot, 1999) . The heart of the fume generation rig consists of a 700 ml round-bottomed glass reaction vessel with flanged rim, which is placed in a heating mantle. The fumes are generated by heating 200 g bitumen to the chosen, well-controlled temperature. During heating and sampling the bitumen is stirred at a constant rate (400 rev min" 1 ). For this study the same temperature for fume generation was used as for the inhalation experiments. The fumes are collected with the same sampling equipment as used for field exposure studies: using standard 37 mm Gelman filter cassettes, with a filter combination consisting of a 37 mm Geknan A/E-type glass-fibre followed by a 37 mm 0.8 mm silver membrane, supported by a Gelman cellulose ester back-up pad. The positioning of the filter cassettes on the rim of the vessel is very important for obtaining reproducible results, therefore a simple holder has been designed that guarantees exact positioning. Apart from the PAHs in the particulates phase attention is given to compounds that are in the gas phase, called semi-volatiles (SV), and which are not retained on the particulates filter. Therefore, the filter cassettes have been backed up with an XAD-2 adsorbent tube that retains PAHs in the semi-volatiles, as described in NIOSH method 5506 (NIOSH, 1985) . The same fume collection package has been used for taking the Laboratory 2 samples in the inhalation experiments.
Sampling and analysis of the atmosphere in the inhalation chamber
In order to validate the equipment, samples of the atmosphere in the chambers were collected in different locations of the inhalation chamber and analysed by the three laboratories unless otherwise specified. Analyses included: (1) quantitative determination of TPM; (2) quantitative determination of soluble matter [benzene soluble matter (BSM) or tetrachloroethylene soluble matter (TSM)]; (3) analysis of B[a]P content of the fumes (Laboratory 3) and other PAHs (Labs 1 and 2); and (4) evaluation of the particle size distribution (Laboratory 3). Preliminary experiments were performed to ensure the quality of these analyses.
When changing the test compound or the fume concentration, the whole equipment was dismantled and thoroughly rinsed with dichloromethane and a blank sampling was performed to ensure that no carry-over from the previous experiment occurred.
Sampling. Particulates were collected through Ports 1 and 2 by drawing air through a 37 mm preweighed glass fibre filter (Whatman) at a rate of 1 1 min (Laboratory 3) or 1.67 1/min (Laboratory 2) or through pre-weighed PTFE (Teflon) membrane filters at 1 1/min (Laboratory 1). These filters were fitted in a standard 37 mm closed-face cassette (Millipore). Fume samples from the test compounds were analysed immediately after sampling at Laboratory 3 or after storage at +4°C and shipment to Labs 1 and 2 after a period of about two months. The vapour phase was collected on XAD-2 adsorption tubes that were placed in series with the filter cassettes and analysed at Labs 1 and 2. Samples for Labs 1 and 3 were collected simultaneously and those for Laboratory 2 alone, therefore the total flow rates (1 + 1 1/min or 1.67 1/min) were below 10% of the inlet air.
Analysis-determination of TPM. The procedure described by Brandt et al. (1985) includes filter prewashing, filter conditioning at constant humidity and then weighing on an electronic microbalance with a readability of ±1 ug, placed in a temperature-and humidity-controlled room. This latter method was used by Laboratory 2. Laboratory 1 used a different method, which is a modified NIOSH method 0500. Briefly the modifications included pre-washing of the PTFE filters with dichloromethane and, initial and final weighing performed after conditioning in a humidistat at 50% relative humidity.
In order to validate a method for regular control of the TPM concentration in the chamber, Laboratory 3 compared the faster +10 ug sensitivity balance with the +1 ug microbalance. Two samples were collected simultaneously at two close locations (the sampling cassettes were placed side by side. 5 cm apart). To determine TPM, filters were weighed on an electronic microbalance without any conditioning, with the two balances before and immediately after sampling.
Analysis-determination of soluble matter. Laboratory 1 used a modified NIOSH 5023 method (1994) . A controlled amount of benzene was used to extract the soluble matter from the PTFE filters. All glassware was pre-rinsed with dichloromethane. Pre-rinsed aluminium pans were used to collect the residues and the weight was determined after equilibration in a vacuum desiccator. In short, the final 1 ml extract is allowed to air dry for 1 h in a clean fume hood before transferring it to the vacuum dessicator. The extracts are placed in a vacuum dessicator at ambient temperature and 20 to 25 mmHg vacuum for 24 h (or at least overnight). The extracts must be protected from particulate contamination during this period. The precision for the TPM method has a coefficient of variation (CV)% of 0.86 and that for the BSM has a CV% of 0.91.
Laboratory 2 used the protocol of Brandt et al. (1985) in which the niters were extracted with benzene, the benzene was evaporated and the extract weighed on a microbalance with a readability of ±1 ug. For the whole sample and analysis for TPM and BSM, a 27% relative precision has been found (Amsterdam Method Series, AMS 861-3).
At Laboratory 3, tetrachloroethylene was used for extraction. Because evaporation of the solvent could lead to weight loss during the drying step, soluble matter was instead evaluated by infra-red absorption (2800 to 3000 cm" 1 ) of the tetrachloroethylene extract. This was done immediately after weighing the niters to avoid loss of volatile compounds during storage. The accuracy of the infrared determination was ±2 ug for a 100 1 sampling volume (i.e. about 500 ug TPM).
Analysis-determination of PAH and benzo(a)-pyrene. Laboratory 1: PAHs were analysed by gas chromatography (GC)/ mass spectrometry (MS) using a Varian model 3600 GC coupled with a Varian Saturn 4D ion trap mass spectrometer using helium as carrier gas at a constant flow of 1 ml/min with an Allecht model 1000 electronic pressure controller. The transfer line was held at 315°C and the manifold at 290°C. The GC was equipped with a 1078 injector at 290°C. The column was an SGE model BPX5, 25 m x 0.22 mm ID, with 0.25 urn film. It was programmed from 90°C (3 min) to 325C at 8°C/min and then held for 5 min. The presence of B[a]P was examined by GC/MS/MS.
In addition polynuclear aromatics were analysed by high performance liquid chromatography (HPLC) with a Photodiode Array and a fluorescence detector following EPA SW846-8310A analytical protocol. A Phenomenex Envirosep PP column was used for the separation.
Laboratory 2: 16 PAHs of which 15 are listed by the US Environmental Protection Agency (EPA, 1983) , plus coronene were determined according to method AMS 1057-1 (Amsterdam Method Series, AMS 1057-1).
Laboratory 3: After thin layer chromatography (TLC) purification on acetylated cellulose plates eluted with dichloromethane/methanol/water (20/ 10 1) (Lafontaine, 1978) , the B[a]P content of the extract was quantified by HPLC.
Analysis-determination of the particle size distribution. The particle size determination was performed according to Horton et al. (1992) using cut off diameters of 15.7, 9.0, 6.3, 3.1, 1.87, 1.09, 0.49, 0.32,0.19,0.07 urn.
Evaluation of losses during sampling
In order to estimate the extent of weight losses during sampling Laboratory 3 used two approaches: (1) measurement of weight loss from preloaded filters when drawing clean air; and (2) comparison of samplings of short and long duration.
In the first set of experiments, three filters were preloaded (filter 1: 1.51 mg, filter 2: 1.51 mg, filter 3: 0.31 mg) with bitumen fumes generated at a particulate concentration of 5 mg/m 3 at a flow rate of 1.67 1/min during 3 h for filters 1 and 2, and 1 1/ min during 1 h for filter 3. They were then used to determine the weight loss during the course of pure air sampling at flow rates of 1 1/min, 1.67 1/min and 1 1/min, respectively. The losses were monitored by weighing the filters (without equilibration) several times during the sampling (more than 6 h).
In the second set of experiments, Laboratory 3 determined the weight losses that occurred during samplings of short and long duration. Two kinds of sampling were performed simultaneously at two locations separated by 5 cm (cassettes side by side): one sampling was performed every hour during 6 h at the first location (6 x 60 min at a flow rate of 1.67 1/min) and a 6 h sampling was performed at the second location (1 x 360 min at 1.67 1/min).
Uniformity of the fume distribution in the exposure chamber
The homogeneity and stability of the TPM in the atmosphere of the inhalation chamber was checked by sampling at different locations within the chamber. Two samples were collected simultaneously at 1 1/min using two cassettes positioned at two locations as follows:
1. at a distance of about 15 cm on the same horizontal plane corresponding to the future breathing zone of animals. 2. in opposite corners of the chamber, about 40 cm apart. 3. one in the centre of the chamber and one in a corner, about 25 cm apart.
RESULTS
Unless otherwise specified, the following conditions were used: (a) fume generation: bitumen 45/ 60 pen, channel width 2.5 cm partially covered with aluminium foil (to limit the surface of evaporation to about 8 cm 2 ), kettle temperature 200°C, (b) fume sampling: sampling volume 100 1.
The bitumen flow rate from the outlet pipe was 24 ± 2 g/min for the 5 mg/m 3 generation. In order to allow the system to reach a steady state (approximately 12 min), the samples were collected one hour after the beginning of fume generation. The concentration was measured in terms of TPM and generation conditions were regulated to obtain a target TPM concentrations of 5 + 2 mg/m 3 .
Uniformity of the fume emissions
We first established the weighing accuracy of the +10 |J.g balance versus the +1 p.g balance. The results are plotted in Fig. 4 and the corresponding coefficient of correlation is 0.95 (n = 7).
The homogeneity of fume distribution in the chamber is represented in Fig. 5 . The slope of the curve (0.82) and the correlation coefficient, 0.91 (n = 17), confirmed the homogeneity of the fume concentration.
Losses of weight
Losses of weight during the sampling. As stated in Section 2.5, two sets of experiments were performed to determine the extent of weight losses during our sampling scheme: (1) measurement of weight losses in the course of drawing clean air; and (2) comparison of sampling of short and long duration.
The results are presented in Fig. 6 : for the same amount of pre-loaded particulate matter (filters 1 and 2: Fl and F2) the losses (as percentage) were higher at the flow rate of 1.67 1/min (F2) than at 1 1/ min, and for the same flow rate (filters 2 and 3: F2 and F3) the losses were higher for the smallest amount of pre-loaded particulate (F3). The losses can be described by Eq. (1). After a sampling period of 6 h, for filters 1 to 3 they are, respectively, 40, 64 and 56%.
In order to predict the 'actual' amount deposited on the filter during sampling of bitumen fumes, a function {'theoretical' input [Eq. 
where a and b are calculated constants from experimental data and c is a constant calculated from sampling flow rate and aerosol concentration (that is 0.005 for 1 1/min and a concentration of 5 mg/ m 3 ). This is illustrated by the diagram in Fig. 7 for sampling conditions corresponding to Fl. After a sampling period of 6 h, the calculated losses for filters 1-3 would be 28.4, 47.6 and 46.1%, respectively. Between 1 and 6 h they would be, respectively, 20.8, 35.8 and 28.8%.
These theoretical values of losses are undoubtedly overestimated. Indeed, because of the higher average degree of saturation with hydrocarbon vapour during fume sampling, the percentage losses are certainly lower than during sampling of pure air. This was confirmed by three experiments designed to determine the weight losses occurring during paral-deposited on one filter during long sampling periods lei short and long duration sampling schemes (6 h) was 16% lower than the average weight of (Table 1) . Using a common constant sampling flow particulates deposited on six filters during successive rate of 1.67 1/min, the average weight of particulates short sampling periods ( 6 x 1 h). 
Losses of weight during storage and handling of filters.
During transport from France to the US and the Netherlands, the small droplets on the filter may be lost by evaporation. Such evaporation does affect the results from samples analysed at Labs 1 and 2 as can be noted from Table 2 .
Evaluation of particle size distribution
The particle size distribution was based on 16 measurements performed during five experiments. Samples were collected at a flow rate of 0.25 1/min for 0.5 min. The time interval between sample collection ranged from 0.5 to 1.5 h. Representative results presented in Fig. 8 indicate that the particle size distribution (% mass) did not change with time and that 84.5 ± 6.1% (% mass) of the particles (range, 67.6 to 91.6%) were of diameter <1.09 urn and that 93.1 ± 5 . 1 % (range, 75.8 to 96.7%) <3.1 jim. Table 2 presents a summary of the TPM, soluble matters, semi-volatiles and B[a]P concentrations that have been measured by the three laboratories. For easier comparison, the averages TPM, soluble matter and B[a]P are plotted in Fig. 9 . Where enough measurements were available averages are plotted with their precision taken from Table 2 [±sdev/V«)*? (95, df] . The TPM data obtained from Labs 1 and 2 overlap and are well below those measured by Laboratory 3, while for soluble matter and the B[a]P there is clear agreement between the averages from all three laboratories (see Table 2 ).
TPM, soluble matter and BfaJP
The detailed analysis of the results at the target TPM concentration of 5 mg/m 3 , obtained during 30 days of fume generation are given in Table 3 . They show a repeatability varying from 34 to 66% for TPM (three laboratories), 36 to 75% for soluble matter (three laboratories), 29% for semi volatiles 
PAHs
The results of the PAH analyses for the six 5 day representativeness of the fumes has been tested indirectly, by comparison with fumes generated in the Shell small-scale fume rig, that has been validated against fumes collected in the field on paving operators equipped with personal samplers (Brandt and experiments have been summarised in Table 3 the fume generated in the Shell small fume rig (average of two fume generations) from the same batch of bitumen is given in Table 4 . The profile is similar to the average PAH profile of the BSM in this study (Table 4) .
DISCUSSION
The results of our series of experiments on fumes containing about 5 mg/m 3 TPM demonstrate that, at this level, the fume generator delivers a bitumen fume atmosphere to the inhalation chamber in a reproducible manner. The agreement between the laboratories is quite good for TPM analyses results, and good for soluble matter and B[a]P which are the more important components in terms of the biological effects of bitumen fume exposure (Brandt et al, 1985) .
The particle size distributions we found are somewhat different from those previously reported for roofing and indoor mastic laying (Brandt et al, 1985) , in that we found more than 85% of the particles to be of a diameter < 1 um whereas only 40% of particles were reported to be below this size by Brandt et al (1985) . Possible reasons for these differences may include (1) the use of a different measurement technique (the instantaneous measure versus filter loading) and (2) our fume generation and inhalation set-up is a (semi-)closed system, in contrast to the open situation in the field. The representativeness of the fumes has been tested in an indirect way, by comparison with those generated in the Shell small-scale fume rig, that has been validated against fumes collected in the field during paving work (Brandt and De Groot, 1999) . This simple laboratory rig mimics the situation in the field, that is an open system where the fumes rising from the hot bitumen surface rapidly come into pseudo-equilibrium with the surrounding air. The PAH profile in the BSM of the fumes generated in the Shell rig from the same bitumen at the same temperature was similar to the average PAH profile of the BSM from our experiments 1 to 6 at the level of 5 mg/m 3 TPM (Table 4) . Hence the fume composition can be considered to be fairly representative of fumes to which workers are exposed during paving or roofing operations.
The use of a balance with 10 ug sensitivity allowed Laboratory 3 to measure levels of TPM every hour during the preliminary experiment, so that the stability of the concentration of particulate in the chambers could be regularly checked during a 6 h generation period. On a 4 day pre-experiment, the intra-day coefficients of variation ranged from 9.6 to 28% (overall range 3 to 7 mg/m 3 ). If the weighed TPM was outside the target concentration range, it was then possible to rapidly modify the generation parameters.
Even in 1965, Rondia demonstrated that some PAHs are sufficiently volatile that they can evaporate during collection if long sampling times at low flow rate are used. For bitumen fumes, Brandt et al. (1985) demonstrated evaporative losses of BSM during sampling of 'clean air' on preloaded filters ranging from 90 to 215 jig/h sampling. Of the PAHs, mainly the lighter ones (i.e. three-ring and four-ring PAHs up to chrysene) were subject to significant evaporation losses. Our work confirms the occurrence and the importance of losses during sampling. This implies that our data are underestimating the true exposure levels in the inhalation chambers. The use of an XAD-2 backup by Laboratory 2 and Laboratory 1 is one approach to partially recover losses from the filter. This does not however take into account the losses due to deposit of the particles on the walls of the cassettes (Lafontaine et ah, 1999) . The losses may also be reduced by storing cassettes at temperatures below -40°C.
At the 5 mg/m 3 fume concentrations, the equipment which has been developed for this experiment and tested under the experimental conditions described above, allows reproducible generation of fumes that are fairly representative of those produced in the field with the same bitumen.
CONCLUSIONS
At the 5 mg/m 3 fume concentrations, the equipment (fume generator plus inhalation chamber) delivers a representative bitumen fume atmosphere in a reproducible manner.
The agreement between laboratories was quite good for the TPM and was good for the soluble matter and the B[a]P, which are the more important components in terms of the biological effects of bitumen fume exposure.
Evaporative losses from the filters during sampling and during transport and storage may lead to underestimation of the true exposure levels in the inhalation chambers.
